Objectives The purpose of this study was to investigate the relationship between the effects of acupuncture treatment and heart rate variability (HRV) in pre-menopausal obese women. Methods Thirty-seven obese women who met the inclusion criteria were recruited. To estimate the effects of acupuncture, obesity indices, such as body weight (BW), waist circumference (WC), hip circumference (HC), and the waist-hip ratio (WHR), were measured before and after the treatment. The HRV test was conducted before treatment and analyzed using the frequency domain method. Results The lnLF/HF ratio (natural logarithm of low frequency power/high frequency power ratio of the HRV value) before treatments was negatively correlated with differences in WC, HC, and WHR during treatment. The correlation coefficients between the lnLF/HF ratio and the differences in WC, HC, and WHR were r=−0.459 (p＜0.01), r=−0.327 (p＜0.05), and r=−0.339 (p＜0.05) respectively. Conclusions As the baseline ratio of sympathetic activity to parasympathetic activity decreases, WC, HC, and WHR reduction significantly increased during treatment. Further study is needed to uncover the relationship between obesity-related variables and the autonomic nervous system to predict the effect of acupuncture. (J Korean Med Rehabil 2016;26(4):85-96) 
Introduction»»»
The autonomic nervous system (ANS) consists of the sympathetic nervous system (SNS) and the parasympathetic nervous system (PNS). The ANS regulates daily energy expenditure, including resting metabolic rate, energy expenditure associated with physical activity, the thermic effect of food, cold-induced thermogenesis, and thermogenesis related to daily stimuli 1) .
Undoubtedly, an abnormal ANS activity means a disturbance of the daily energy expenditure and storage, offering the cause and solution of the obesity. And many studies have tried to find the way using the relationship between ANS activity and obesity. For exam-ple, the MONA LISA hypothesis, an acronym for Most Obesities kNown Are Low In Sympathetic Activity, is based on experimental evidence in rodents that exhibits low SNS activity and morbid obesity following lesions in the ventro-medial hypothalamus 2) . And because cardiac function is extremely sensitive to autonomic influence, SNS and PNS have been estimated from sympathetic and vagal effects on heart rate variability (HRV) test.
However, it is controversial because of inconsistent results and interpretations. One of the main views is that obese people have a higher sympathetic tone, which is proved from elevated catecholamine levels and associated with impaired cardiac energetics 3) .
Another is that obese people have lower SNS activity, which is proved from lower LF 4, 5) . And it argues the reduction of SNS activity is related to a reduced energetic cost and lowered capacity of thermogenesis and the state of obesity. On the other hand, some viewers say that obesity increases SNS activity and decreases PNS activity simultaneously 6) , or even decreases both PNS and SNS activity [7] [8] [9] [10] . Indeed, clinicians must prescribe the most proper way to treat obesity individually and maximize the effect by formulating a therapeutic plan quickly. However, previous reports have not researched the predictive power of ANS toward obesity-related variables, which would be more meaningful for clinicians. And we can expect the improvement of obesity state through Korean medical treatments upon previous evidences, but have not analyzed the specific relationships of alteration of obesity states with the ANS. Accordingly, we explored whether the ANS could be used to predict the efficacy of acupuncture treatment for treating obesity in pre-menopausal women using HRV variables.
Materials and Methods»»»

Subjects
This study was conducted from 14 April to 20
August 2014 at Kyung-Hee University Korean Medicine Hospital (Gang-dong, Seoul, South Korea). Subjects were recruited through announcements on the hospital's notice board and newspaper advertisements using the following criteria. Forth-five subjects who met the inclusion criteria were recruited, and informed consent was obtained from all subjects. All subjects were free to withdraw from the study at any time and agreed to announce any adverse effects during and after the study. 
Material and methods
1) Interventions
Manual acupuncture and electroacupuncture (EA)
were given to all subjects. All acupuncture points were based on traditional acupuncture theory for treating obesity and needle depth was based on the particular tissue level and the unit of measurement (Table I) .
Ten acupuncture needles (Dong-bang Acupuncture
Inc., 0.25×40 mm) were inserted vertically in CV12
and CV6 on the middle of the body, and in LI4, LI11, ST36, and SP6 bilaterally for manual acupuncture.
Simultaneously, four longer acupuncture needles (Dong-bang Acupuncture, 0.25×75 mm) were inserted horizontally and bilaterally in ST25 and ST28 for EA.
Electrical stimulation was applied to these four acupuncture points intensity using a LipoDR low-frequency Other interventions, such as diet and exercise, were directed through brochures and a Korean medicine doctor's management in the obesity clinic of Kyung-Hee University Korean Medicine Hospital at Gang-dong. No additional treatment or intervention was allowed.
2) Data measurements
A skilled assistant measured all variables using a designated ruler [11] [12] [13] . All data were collected between 9:00 and 13:00 to minimize the effects of circadian rhythms. All subjects were restricted from food for 1 hour and from smoking and drinking for 8 hours before assessments.
(1) Anthropometry
The assessments were performed before and after treatment in 12 sessions during 6 weeks. Body weight and the LF/HF ratio were also calculated14). VLF was not analyzed because it is an ambiguous measurement with low confidence 15, 16) . The TP, LF, HF, and LF/HF ratio data were positively skewed and were natural log transformed to satisfy the normal distribution criteria (lnTP, lnLF, lnHF, and lnLF/HF).
3) Statistical analysis
All outcomes were analyzed with SPSS ver. 18.0 software for Windows (SPSS Inc., Chicago, IL, USA).
Two-tailed p-values ＜0.05 were considered significant.
The paired t-test was used to examine differences between baseline and after treatments of 12 sessions.
Pearson's correlation coefficient analysis was conducted to assess associations. Correlation coefficients are significant at p＜0.01. ΔWC: difference in waist circumference during treatment, ΔHC: difference in hip circumference during treatment, ΔWHR: difference in the waist-hip ratio during treatment, ΔBW: difference in body weight during treatment, TP: total power, LF: power in the low frequency range, HF: power in the high frequency range, Ln: natural logarithm (the spectral power data were log transformed). Values are median (interquartile range). BMI: body mass index, WC: waist circumference before treatment, HC: hip circumference before treatment, WHR: the ratio of WC to HC, BW: body weight before treatment, TP: total power, LF: power in the low frequency range, HF: power in the high frequency range, Ln: natural logarithm (the spectral power data were log transformed). (Table II) .
Correlations between baseline HRV and differences in the obesity index
The baseline lnLF/HF and ΔWC (r=−0.459, r The lnLF/HF and ΔBW tended to be negatively correlated, but insignificantly (p＞0.05). lnTP, lnLF and lnHF were not associated with any variables (Table III, 
Discussion»»»
The effect of changes in ANS activity on metabolism has been implicated in the development and maintenance of obesity, and the ANS is a potential therapeutic target for treating obesity 17) . Thus HRV, which represents ANS activity, has been proposed as useful to understand obesity. This is supported by various studies on HRV and obesity indices (BMI, %BG, and WHR) in Korean pre-menopausal women 18, 19) . Moreover, multiple regression analysis was used to predict the concentration of obesity∼related metabolites via the HRV in pre-menopausal obese Korean women 20) and a linear regression analysis was conducted between HRV and changes in BW 21) .
Considering the relationship between the ANS and anthropometric changes after obesity treatment, Joo 22) reported that a short-term intervention for obese subjects decreases SNS activity and Ito 23) found that the combination of exercise and mild caloric restriction led to improved modulation of the PNS. Kim 24) argued that both the SNS and PNS are negatively correlated with fat mass, percentage fat content, and WHR at rest in obese subjects. In addition Karason 25) suggested that obese subjects show increased SNS activity and lower vagal activity and that autonomic disturbances improve after gastroplasty. However, these studies evaluated ANS activity differently and the cause and effect between obesity and ANS activity was confusing.
Additionally, some trials to assess the relationship between baseline SNS activity of obese subjects and weight loss outcomes have been conducted. Astrup 26) and Kempen 27) used a 36 week hypoenergetic diet or an 8 week very-low-energy diet, and maximum weight loss was positively associated with baseline levels of plasma noradrenaline (NA) and adrenaline. In addition,
The Correlation Analysis between Heart Rate Variability and Effect of Acupuncture on Obese Women
www.e-jkmr.org 91 Hellström 28) also found that plasma NA and α 2 -adrenergic receptor sensitivity are associated with weight loss during 4 weeks on diet restriction. These three studies suggest that plasma NA can be used as a prognostic marker for treating obesity. These findings show that constitutional differences in ANS activity may explain the variability in weight loss observed by obese subjects 17) . Nevertheless, it is insufficient to show that the ANS can predict the propensity to lose weight in obese individuals, and all interventions in those studies [26] [27] [28] were dietary restriction.
Most studies have simply compared HRV between obese and non-obese subjects [3] [4] [5] [6] [7] [8] [9] [10] or conducted a crosssectional study with a short follow-up without treatment [3] [4] [5] [6] [7] [8] [9] [10] [18] [19] [20] [21] . The relationships between ANS activity and therapeutic changes based on dietary restriction [21] [22] [23] [24] [26] [27] [28] or gastroplasty 25) have been studied but have not included traditional Korean medical treatment, such as acupuncture or herbal medicine. Therefore, we aimed to uncover the effect of acupuncture on the ANS of pre-menopausal Korean obese women through an HRV
analysis. In addition, we discussed whether HRV could predict the therapeutic effect of acupuncture on obesity.
As a result, the baseline lnLF/HF was negatively correlated with ΔWC, ΔHC, and ΔWHR during treatments. As the lnLF/HF varies with SNS activity, it is assumed that loss of WHR, WC, and HC after treatment will be maximized as the SNS is activated. This result corresponds to the argument that low frequency stimulation by EA into subcutaneous adipose tissue activates lipolysis, leading to hormonal modulation and elevated catecholamine levels [29] [30] [31] . However, this is inconsistent with the findings that the elevated RMSSD (Root Means Square of Standard Deviation) and decreased LF/HF ratio have been reported, indicating that the increase of the baseline PNS activity may be negatively correlated with BW, BMI, and fat mass after an obesity treatments 21) . However, we didn't use dietary restrictions or exercise but used acupuncture.
One of limitations of this study was that the reliability and validity of HRV measurements are not well known. It is necessary to collect data over 24 hours using the HRV time-domain method to further generalize our results. Moreover, additional study with a larger sample size and performed in a well-controlled environment will reveal various predictive models for Korean medical treatments of obesity.
In conclusion, the efficacy of acupuncture treatment on abdominal obesity was maximized as the baseline lnLF/HF decreased, suggesting that baseline lnLF/HF could be considered to predict the effectiveness of abdominal obesity treatment.
Conclusion»»»
We investigated the hypothesis that HRV can be used to predict the effect of acupuncture on obesity in pre-menopausal women.
1. The lnLF/HF before treatment was negatively correlated with differences in WC, HC, and WHR during treatment.
2. None of the HRV values was associated with the difference in BW during treatment.
In conclusion, as the baseline parasympathetic activity over the sympathetic activity increases, WC, HC and WHR reductions significantly increased, meaning high effects of acupuncture on obesity treatment.
Further study is needed to uncover the relationship between obesity-related variables and autonomic nervous system to predict the effect of acupuncture.
